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The effect in siru of wet and dry heat on peanut
proteins was investigated by acrylamide electro-
phoresis and by immunochemical techniques.
Only two proteins (from approximately 14 antigenic
constituents) remained antigenic after seeds were
imbibed in water (409 moisture) and heated at
110°C. Dry heat (<5% moisture), on the other
hand, induced sequential antigenic destruction be-
tween 110 and 155°C. The major peanut globulin,
a-arachin, and one other protein remained antigenic

in both wet- and dry-heated seeds within this
temperature range. Disc electrophoresis showed
greater differences in protein migration for the dry
than for the wet-heated seed. A protein solubility
vs. temperature plot showed that protein solubility
was inversely proportional to temperature with
dry heat; a sigmoid-like curve was observed after
wet heat. The maximum solubility of «-arachin
occurred after wet heat at 120°C.

nonhelical (random coil or pleated sheet) regions

which vary in different proteins. Thus, heat might
be expected to induce unique thermal effects on certain pro-
teins at varying rates and temperatures. Heat has been pro-
posed to dehydrate protein molecules leading to peptide link-
ages between free amino and carboxyl groups (Haurowitz,
1965). Conversely, cleavage of peptide bonds by heat ob-
tains rearrangements of the peptide chains which can then
react with each other or with macromolecules such as lipids
and carbohydrates. It has been reported that heat leaves a
protein molecule in the zwitterionic state (Haurowitz, 1965),
suggesting that both intramolecular hydrogen bonds and
apolar bonds are cleaved. The resultant changes in confor-
mation usually make the protein less soluble, modify electro-
static charge, and allow for the formation of complex prod-
ucts. The insolubility of heat-treated proteins has also been
ascribed to cleavage of native disulfide bonds (Gorbacheva,
1957).

Over 75% of the peanut proteins are considered globulins.
Classic fractionation of the peanut proteins was first reported
by Johns and Jones (1916) and by Jones and Horn (1930).
Subsequent investigators have described the sedimentation
properties (Johnson and Naismith, 1953; Johnson and
Shooter, 1950; Johnson et al., 1950), chromatographic and
electrophoretic properties (Dechary et al., 1961; Neucere,
1969; Tombs and Lowe, 1967), and immunochemical proper-
ties (Daussant e al., 1969a,b) of the major peanut globulins.

The aim of the present study was to investigate by electro-
phoretic and immunochemical techniques the structural modi-
fications and solubility properties of the proteins extracted
from heated whole seeds at two moisture levels.

( ; lobular proteins generally consist of several helical and

EXPERIMENTAL

Heat Treatment. FEleven kilograms of dehulled intact
Virginia 56-R peanuts, including the testae (1968 crop),
were divided into the 1-kg lots. One lot was unheated and
served as the control. Five samples were allowed to imbibe
distilled water for 16 hr at 25°C to a final moisture content
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of 409, placed in ventilated trays, and were heated for 1 hr in
a forced draft oven at 110, 120, 130, 145, and 155°C, respec-
tively. Five other samples were heated on an “‘as is” basis,
5 % moisture, under identical conditions.

After equilibration to room temperature, each sample was
homogenized in 1:1 hexane-acetone, using 3:1 solvent per
kg seeds in a Sorvall Omnimixer for 5 min at 5°C. The
homogenate was filtered under vacuum with each batch,
yielding approximately 600 g of a fine meal.

Protein Extraction. A portion of each peanut meal (500
mg) (1, control; 2-6, wet heat; 7-11 dry heat) was mixed
with 5 ml of 0.072 M phosphate buffer, pH 7.9, ionic strength
0.2, and agitated for 2 hr at 25°C. The mixture was clarified
by centrifugation at 37,000 X g for 30 min. The clear super-
natants were isolated from the residue and lipid layer with a
syringe and needle. The extractable protein from each meal
and relative protein solubilities were determined.

Analytical Methods. Protein content was determined by
the method of Lowry er al. (1951). Immunoelectrophoresis '
was performed according to Grabar and Williams (1953)
using 1.59 Ionagar gel in 0.25 M veronal buffer, pH 8.2,
employing the LKB immunoelectrophoretic kit. A voltage
gradient of 4 V/em was applied for 2 hr at room temperature.
Each well was filled with 1.5 mg of protein prior to electro-
phoresis. After separation, each trough was filled twice with
antiserum against the total proteins of the peanut.

Disc electrophoresis was carried out according to Davis
(1964) employing 7.59 Cyanogum 41 gelling agent (Fisher
Scientific Co.) in the running gel (Tris-Glycine buffer, pH
8.4.). The large-pore gel or stacking gel was prepared ac-
cording to Mikola (1965) (Tris-Borate buffer pH 8.1, 3.3
acrylamide), The Tris-Glycine buffer was diluted 1:10 and
used as the running buffer. Electrophoresis was performed
at a constant current of 5 mA/tube for approximately 1 hr.
Each sample contained 0.5 mg of protein and Bromophenol
Blue (0.197) was used to monitor the moving front. The
gels were stained with 0.1 9 amido black and destained with
49 acetic acid.

Quantitative analysis of a-arachin was performed according
to Laurell (1966). All samples contained 10.0 ug of protein.
The agar contained 2% antiserum against crude arachin.
Electrophoresis proceeded for 12 hr at 200 V (20 V/cm).
The dried plate was stained with 0.1%7 amido black and de-
stained with 4.09 acetic acid.

Qualitative analysis of a-arachin and a.-conarachin on a









groups of the native antigens from which the antibodies were
elicited in this study varied for different proteins, some being
completely inactivated. Much work has been done in an
attempt to elucidate the mechanism of antibody formation.
Rude er al. (1968), for example, have reported the correlation
between net electrical charge on the antigen to that on the
antibody it produces. Based on these observations, anti-
bodies to acidic and basic antigens could be separated by ion
exchange chromatography.

Protein hydration introduces a new environment that can
elicit many changes in structural conformation. Perhaps the
simplest reaction is the protonation of the protein molecule,
which changes the overall electrostatic behavior. Klotz
(1958) described the behavior of proteins in solution in terms
of frozen water of hydration. Briefly, his hypothesis suggests
mutual cooperation between water and protein molecules,
imposing a fixed structure resembling an ice-like lattice.
For such a model, the rigid lattice structure should decrease as
the solution is heated. The effect of water and heat on pro-
teins in the presence of other macromolecules, of course, is
more complicated. Imbibition alone produces physiological
changes after which biological activity is initiated. Marcus
and Feeley (1965) have shown that ribosomes prepared from
imbibed peanuts have the capacity to incorporate amino acids
into protein, suggesting the formation or activation of
M-RNA during imbibition. Hence, the entire biological
structure of the seed is in dynamic flux shortly after water is
introduced. Certainly, one would expect less heat stability
in such a system, especially in enzymes which are functional in
protein degradation and synthesis and in partially hydrolyzed
storage proteins during the early stages of germination.

The stability of a-arachin might be attributed to its location
within the cell. Electron microscopic studies of peanut
parenchyma cells have been reported by Bagley ef al. (1963)
and Daussant et al. (1969b). «-Arachin is located in aleurone
grains (protein bodies) which are surrounded by oil droplets
in a matrix of cytoplasm. Perhaps both the oil and the mem-
brane around the aleurone grains protect the orientation of
the molecule somewhat by acting as a heat shield. Imbibition
causes the aleurone grains to swell but degradation of these
particles does not begin until the fourth day of germination
(Bagley et al., 1963); hence the particles remain intact at the
time of heating.

Free radicals induced by radiation and peroxidizing lipids
have been reported to alter proteins through the formation
of both soluble and insoluble lipid—protein complexes and in
disulfide production (Roubal and Tappel, 1966a,b). Per-
haps similar reactions occurred during the heating of intact
seeds and accounted in part for the observed changes in elec-
trophoretic mobility, antigenicity, and in the overall change
in protein solubility. Crosslinking of a variety of products
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within a cell could result in losses of biological function, as
evidenced by loss of antigenicity.

The data make it clear that both moisture and temperature
influence the reactivities of the peanut proteins. Since the
three-dimensional structures for these proteins are unknown,
however, it is difficult to directly associate their structures
with the reactivities of specific functional groups. Any at-
tempts to explain the observed changes must take into ac-
count not only conformational and environmental changes of
proteins, but also the effects that can result from reactions
involving other macromolecules and protein fragments.
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